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Phakometry is an optical technique where the reflections of light from optical 
discontinuities inside the eye are recorded and used to calculate the lens radii of 
curvature, tilt, decentration, and refractive index. Currently, phakometry suffers from 
diffuse reflections from lens surfaces with weak signal-to-noise ratio, which limits the 
accuracy of the method. A diffractionless Bessel beam was used to improve those 
reflections, thereby improving the accuracy and repeatability of this technique. 
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1. Introduction 
Phakometry is an optical technique which records the reflections from optical discontinuities inside 
the eye, later analysed to determine ocular parameters. The Purkinje images formed by reflections 
from the anterior cornea, posterior cornea, anterior lens and posterior lens are denoted as PI, PII, 
PIII, and PIV, respectively. A telecentric imaging system acquires an image with the eye pupil, PI, 
and PIV in focus, while PIII is diffuse as it forms in a different plane inside the eye. Combined with 
the lower reflectivity of the lens surfaces (lower refractive index differential with surrounding 
matter), this leads to a weak and mostly obscured PIII image. Thus, determining the image size for 
PIII necessary for the calculation of the ocular parameters is subjective with poor repeatability. 
Bessel beams are a solution of the Helmholtz equation which governs diffraction of light. 
They can be generated using different methods such as annular slit, axicon, Fabry-Perot resonator, 
holographic methods, and diffractive ring lens. An introduction to Bessel beams can be found in 
Ref [1]. Two main characteristics of Bessel beams are particularly advantageous: a collimated 
Bessel beam maintains its beam waist propagating along the z-direction, and they are self-healing 
beyond an obstacle [2]. Theoretically, when used with the phakometry setup, those characteristics 
lead to a higher PIII signal compared to PI and noise level than when using a Gaussian beam, so 
exploring the use of Bessel beams in phakometry is valuable. 
2. Methods 
A novel method, which is a variation of that described in Ref [3], was used to generate a Bessel 
beam. A fibre-coupled diode laser (Thorlabs SFC635, λ = 637 nm) was used as a point source and a 
powerful doublet was used to collimate it with the steepest surface facing the laser. The inherent 
spherical aberration in this doublet produces a mixed beam of Gaussian and Bessel components. 
Altered from [3], a horizontal obscuration was introduced in the beam path to block a part of the 
beam, and the transmission of both components was monitored. Bessel beams have the ability to 
reconstruct themselves after an obstacle, which means that while the obstacle blocked more than 95% 
of the Gaussian component, the Bessel beam could still reconstruct one quarter of a ring. This shape 
is particularly useful when observing Purkinje images to locate inverted images without overlapping 
multiple reflections. Obscuration percentage verses transmission of both components of the beam is 
shown in Fig. 1. The Gaussian component shows as a uniform grid while the Bessel component 
shows as concentric rings. An obscuration of 76.7% was used in our experiment as it represented 
the largest Bessel beam portion with a minimal Gaussian beam contribution. This method in 
generating Bessel beams is simpler, more compact, more efficient, and more robust than using a 
spatial light modulator which is typically used. 
 
Figure 1: Bessel beam illumination for the phakometry is achieved with a powerful lens and a horizontal 
obscuration. The superposition of Gaussian and Bessel transmittance is shown as a function of pupil 
obscuration. The Gaussian component shows as a uniform grid while the Bessel component shows as 
concentric rings. Obscuration (left top to right bottom) is 0%, 50%, 60%, 70%, 76.7%, and 80%.  
The collimated Bessel beam has a radius of 11.0 mm, and is a modification to the 
phakometer used in Ref [4] shown in Fig. 2. A positive lens (f = 100 mm), between the two beam 
splitters, is used to create a convergent Bessel beam, and the participant’s eye is placed 96 mm 
away from the lens. The setup is optimised so that most of the light reflected from the ocular 
surfaces passes through the imaging path. A telecentric imaging system is focused at the pupil plane 
of the eye. PI and PIV are in focus while PIII is slightly out of focus but the imaging system 
maintains its size. The camera acquires a single frame with all Purkinje images. A custom-built 
Matlab code is used to fit ellipses to the Purkinje images and determine their sizes. Two individual 
observers perform the fitting and their results are averaged. 
A Zemax simulation was created to simulate the Bessel phakometer. Biometric data of the 
eye acquired with a Pentacam, Lenstar, and a Shin Nippon autorefractor were entered, and anterior 
radius of curvature of the lens was varied to match the experimental PIII size. Next, posterior radius 
of curvature of the lens was varied to match PIV size. Another Zemax simulation was created where 
an object was set at the far point of the eye and the refractive index of the lens was varied until its 
image was formed on the retina. 
 
 
Figure 2: Schematics of the Bessel beam phakometer. A Bessel beam is generated and shone into the 
participant's eye. The reflections from anterior cornea (PI), anterior (PIII) and posterior (PIV) lens are 
recorded using a telecentric imaging system. LD: laser diode, OC: occluder, BS: beam splitter, OLED: 
organic light-emitting diode fixation target. 
3. Results 
The aim of this experiment was to improve upon existing phakometry technique by using a Bessel 
beam for illumination. Using a model eye, the new optical setup produced improved image quality 
and amplified PIII signal-to-noise ratio significantly. The results with a model eye were accurate (< 
1% error compared to specification sheet) and repeatable. At this stage, experimental results are 
being collected on human eyes to demonstrate advantages in a real experimental setup. 
4. Conclusions 
We have used a simple way to introduce a Bessel beam illumination to a phakometer to measure 
radii of curvature of the lens among other parameters of the human eye. First results indicate that 
PIII reflection is more compact and brighter than when using a Gaussian beam illumination. A 
novel technique was used to separate Bessel and Gaussian components of a beam which also 
produced easy to identify Purkinje images. 
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